Abstract. Organic soils are the soils being rich in organic matter; they comprise part of the utilised agricultural area (UAA) and are a significant source of greenhouse gas (GHG) emissions from agriculture in Latvia. In Latvia, annual precipitation is greater than evaporation, which creates favourable conditions for the formation of soils rich in organic matter. Therefore, the overall aim of the present research is to examine possibilities to identify organic soils in the agricultural area in Latvia. To achieve the aim, the following specific research tasks are defined: 1) to analyse the agricultural land area in Latvia; 2) to describe the possibilities to identify organic soils in the agricultural area in Latvia and to examine the organic soil area in Latvia. The research found that the UAA, according to various information sources, was different, which made the identification of the organic soil area problematic. Information on soils in Latvia is not collected according to Intergovernmental Panel on Climate Change (IPCC) standards and definitions, therefore the present research classified organic soils according to the latest list of soils in Latvia and IPCC criteria. An analysis of the soil map of Latvia and the available data of the Rural Support Service's Geographic Information System showed that the organic soil area in Latvia was in the range from 148 069 ha to 345 844 ha.
Introduction
Organic soils are the soils being rich in organic matter -plant and animal residues at various stages of decay, organism cells and tissues as well as organism synthesis substances. The IPCC (2006; 2013) explains that a soil is considered to be organic if it meets Criteria 1 and 2 or 1 and 3, which are described below: 1) Criterion 1: the soil layer rich in organic substances is at least 10 cm thickness, the content of organic carbon in a 20 cm topsoil layer is, on average, at least 12 %; 2) Criterion 2: if the soil has never been saturated with water for more than a few days and the content of organic carbon in the topsoil layer rich in organic substances is at least 20 % (content of organic substances is at least 35 %); 3) Criterion 3: if the soil is periodically saturated with water: a) the content of organic carbon in the soil layer rich in organic substances is at least 12 % and the soil has no clay particles; b) the content of organic carbon in the soil layer rich in organic substances is at least 18 % and the content of clay particles in the soil is at least 60 %; c) according to a linear regression equation, the content of clay particles in the soil is in the range of 0-60 %.
In addition to the above-mentioned criteria, an organic soil, unlike mineral soils, is characterised by: 1) lower density and porosity; 2) soil hydraulic conductivity (i.e. the amount of water that can infiltrate into the soil) depends of the degree of decomposition of organic substances; 3) greater capacity for exchange of cations; 4) plant nutrients are bound up in an unavailable organic form to plants.
Organic soils usually form in areas where the decomposition of organic substances is hindered by low air temperatures (boreal climate) or long-lasting humidity (wet climate), as wet soils are short of oxygen that is necessary for the decomposition of organic substances; for this reason, the organic substances accumulate. The spread of organic soils in the world is well characterised by global organic carbon stocks and quantities showing that the key areas in the world where organic soils are available are boreal (temperate) climate and tropical wet climate zones (Grave R.A. et al., In the agricultural context in Europe, organic soils account for an insignificant proportion of the total utilised agricultural area, yet they are a very significant source of greenhouse gas (GHG) emissions (Hadden D., Grelle A., 2017). Latvia is situated in the temperate climate zone, and organic soils formed here mostly in the soils with a high moisture level, e.g. in wetlands of various types: bogs, wet and overflowing meadows and forests, as well as in valleys and lowlands with a high groundwater level.
If converting wetlands and other wet areas that have a thick organic matter layer into agricultural land, carbon dioxide (CO2) and nitrous oxide (N2O) emissions increase owing to In Latvia, annual precipitation exceeds annual evaporation on average by 250 mm and more, which creates favourable conditions for the formation of soils rich in organic matter. A.Karklins (2016a) points out that in Latvia, such soils most often form under too wet conditions -water inflow to a particular area is smaller than water outflow from the area (evaporation, natural drainage); for this reason, the decomposition and mineralisation of plant residues is incomplete, and the soils accumulate partly humified organic matter. Under the climatic conditions in Latvia, such soils form in areas that have (or had) a naturally high groundwater level, the areas periodically overflow or the subsoil layer is quite impermeable to water. Therefore, the overall aim of the present research is to examine possibilities to identify organic soils in the agricultural area in Latvia. To achieve the aim, the following specific research tasks are defined: 1) to analyse the agricultural land area in Latvia; 2) to describe the possibilities to identify organic soils in the agricultural area in Latvia and to examine the organic soil area in Latvia.
Methodology and data. Analysis, synthesis, the logical construction method, the induction and deduction methods were employed to execute the research tasks. Scientific literature review was used as The CSB provides data on the use of agricultural land or the utilised agricultural area (UAA). The data are acquired from surveys on the use of agricultural land. The CSB data are not represented is a system of geographical coordinates and could not be shown geographically at the level of fields.
Information on agricultural land is also collected and aggregated by the RSS. This institution administers support payments in agriculture and aggregates information on the agricultural area declared for the payments. The area declared for support payments could be accurately identified geographically, as information on any field -coordinates of the field and crops grown in the fieldis available. Figure 1 shows changes in the utilised agricultural area, according to the SLS, the CSB and the RSS. ha. An area of the same size was declared for the SAPS in 2016 as well. Among the abovementioned sources of information, only the RSS provides field coordinates. However, it is not enough to have the geographical coordinates of fields declared for the SAPS to comprehensively examine the organic soil area used in agriculture, as some area undeclared for the SAPS is also exploited in agricultural production. Furthermore, the organic soil area undeclared for the SAPS has to be also taken into account, as this area also produces GHG emissions. Besides, about 260 thou. ha were maintained in good agricultural condition but were not declared for the SAPS (authors' calculations based on RSS, s.a.b).
Identification of organic soils in Latvia
The identification of organic soils is important, as this information is used to compute GHG emissions in Latvia (National inventory…, 2017). These computations have to be performed using The information available in Latvia on soil types does not allow identifying the organic soil area accurately. However, this information allows identifying the range of possible areas or a minimum and a maximum area between which the real organic soil area falls (Fig. 2) , using the following equation:
OSarea =X+Y (1);
Where:
OSarea is the organic soil area, X is the hydromorphic soil area, Y is the area with ORG subtype of semi-hydromorphic soils.
If the hydromorphic soil area is assumed to be X and the ORG subtype of semi-hydromorphic soils is soil area is assumed to be Y, the real organic soil area has to be in the range from X to X+Y.
Source: authors' construction Fig. 2 . Range of possible organic soil areas Table 2 shows the characteristics of subtype soils that correspond to those of hydromorphic and ORG subtype of semi-hydromorphic soils, which could be useful for distinguishing the ORG subtype soils from other subtype soils. The most important characteristics were as follows: organic matter (OV) content, peat horizon thickness, soil acidity or alkalinity (pH) in the arable layer, depth of carbonates and glezation process. However, it has to be taken into consideration that the characteristics of soils (Table 2) were determined several decades ago and the soil subtypes distinguished in that period might not meet the modern criteria. As pointed out by Karklins (2016a) , almost any soil rich in organic matter that was present in the utilised agricultural area was drained. A great deal of the soils were periodically tilled, limed and fertilised. All the mentioned factors contributed to the mineralisation of organic matter. Consequently, the content of organic carbon in soil and the layer of organic matter decreased. The last factor in particular could be a reason why former mucky-humus soils and peat soils that originally had a sufficiently thick layer of organic matter to be considered organic ones do not meet the criteria now. For this reason, explaining the area of organic soils based on aligning the national soil taxonomies gives only an approximate picture. A.Karklins also points out that the data have to be verified on the ground, especially in places the soil data for which were relatively older and where the agricultural area was intensively farmed, i.e. fields in particular. An analysis of the soil map of Latvia and the RSS's Geographical Information System data (Latvia University…, 2017) reveals that the area of organic soils in Latvia, according to historical data, was in the range from 148 069 ha to 345 844 ha (Fig.3) . This is 7-250 % more than presently assumed in the national inventory report of Latvia at 138 123 ha (National inventory....
2017).
Conclusions, proposals, recommendations 1) Organic soils comprise an insignificant proportion of the total utilised agricultural area. A relatively high content of organic matter is characteristic of organic soils, and they are a very significant source of GHG emissions; for this reason, the organic soils have to be analysed in detail.
In Latvia, there are favourable conditions for the formation of soils rich in organic matter.
2) The utilised agricultural area of Latvia, according to various information sources, is different.
The SLS reported on an area of 2.336 mln. ha at the beginning of 2017, the CSB stated that the UAA was 1.93 mln. ha, while the area declared for the SAPS with the RSS totalled 1.66 mln. ha.
The different areas make the identification of an organic soil area problematic in Latvia.
3) An examination of the national classification of organic soils as well as an analysis of the soil map of Latvia and the RSS's Geographical Information System data revealed that the organic soil area in Latvia, according to historical data, was in the range from 148 069 ha to 345 844 ha. It accounted for 6.3-14.8 % of the UAA reported by the SLS, 7.7-17.9 % of the UAA reported by the CSB and 8.9-20.8 % of the UAA declared for the SAPS; this area exceeded that specified in the national inventory report of Latvia by 7-250 %. For this reason, further research studies are necessary to accurately determine the organic soil area in Latvia.
